Background
Popliteal artery entrapment syndrome (PAES) results from an anomalous relationship between the popliteal artery and the myofascial structures of the popliteal fossa [1] [2] [3] [4] [5] [6] [7] [8] . The most common presenting symptoms include intermittent pain in the feet and calves on exercise [1] [2] [3] [4] [5] [6] [7] [8] . PAES can lead to popliteal artery thrombosis, stenosis, distal arterial thromboembolism, or arterial aneurysm [1] [2] [3] [4] [5] [6] [7] [8] .
Although PAES is a rare condition, it is important to consider in the differential diagnosis in young patients, usually under 30 years of age, who present with intermittent claudication, cramping pain, and weakness in the legs, especially the calves, that are arises on exercise and that disappears on rest [9] [10] [11] . In 30% of asymptomatic patients, there is contralateral popliteal arterial impairment, which increases to 60% in symptomatic patients [10, 12] .This report describes the presentation and surgical management of a case of PAES presenting with limb pain and includes a review of the literature on this condition.
Case Report
A 47-year-old female Caucasian, who was previously asymptomatic and healthy, presented to the Emergency Room (ER) with a 20-day history of sudden pain in the left lower limb and pallor of the foot. The patient had symptoms of left intermittent claudication that limited her ability to walk to 200 meters. Cardiac abnormalities were not detected. Only the left femoral pulse was palpable, with an ankle-brachial index (ABI) of 0.6 (normal value: 0.9-1.2). Pulses in the right (contralateral) lower limb and the right ABI were normal.
Doppler ultrasound (US) showed a left popliteal artery with no vascular blood flow, and echogenic content, consistent with thrombus ( Figure 1 ). Bilateral lower limb arterial angiography showed occlusion of the left supragenicular popliteal artery with imaging findings suggestive of thrombus in the proximal one-third of the artery, occlusion of the fibular and posterior tibial arteries, and with the vessels of the plantar arch being supplied by the anterior tibial artery. The contralateral (right) popliteal artery appeared to be medially deviated ( Figure 2 ). These presenting symptoms, signs, and imaging findings supported a diagnosis of left PAES, and surgical treatment was undertaken.
Surgical access to the posterior popliteal fossa was achieved using an S-shaped or bayonet-shaped incision, and showed thickening of the popliteal artery intima with content suggestive of recent thrombus ( Figure 3) . Initially, the patient was treated with popliteal artery balloon-catheter thrombectomy, A B which resulted in good distal arterial perfusion. However, due to the arterial intimal abnormality, the patient underwent popliteal-popliteal artery bypass grafting. An ipsilateral inverted saphenous vein graft was used to bypass the left supragenicular popliteal artery to the infragenicular popliteal artery ( Figure 3 ). Following surgery, the patient's symptoms resolved, which supported the diagnosis of PAES.
At six months following vascular surgery, the bypass graft and distal arteries were patent, her left ABI was 0.92 (normal), and she had no further symptoms of intermittent claudication. The patient is currently under ambulatory follow-up.
Discussion
Popliteal artery entrapment syndrome (PAES) occurs because of the anomalous relationship between the popliteal artery and the myofascial structures of the popliteal fossa or rarely, by fibrotic bands that compress the popliteal artery [1] . PAES can be congenital or acquired [1] . Congenital, or anatomical, PAES is caused by abnormal embryological development of the popliteal artery or of the myofascial structures in the popliteal fossa with muscular hypertrophy causing further arterial compression [2] [3] [4] . Acquired PAES has been reported in high-performance athletes, such as cyclists [5, 6] . The majority of cases of PAES have been reported in men [5, 10, 11] .
The most common symptoms associated with PAES are intermittent claudication and pain in the feet and calves after exercise. In more severe cases of PAES, the symptoms are caused by complications that include thrombosis, arterial aneurysm, arterial stenosis, or distal embolism [11] [12] [13] [14] [15] . On physical examination, there may be decreased or absent pulses during forced dorsal foot flexion, or signs of decreased perfusion, such as pallor, a lower limb thermal gradient, and limb cyanosis in acute cases [12] . Table 1 shows the six types of PAES [1, 10, 16] . In Type I PAES, although the medial head of the gastrocnemius is normal, the popliteal artery is displaced medial to and beneath the muscle or its tendon. In Type II PAES, the popliteal artery is compressed because the medial gastrocnemius muscle arises from an abnormal lateral position. In Type III PAES, the gastrocnemius muscle has an additional tendon or fibrous band that inserts laterally, compressing the artery. In Type IV PAES, the popliteal artery is compressed by a fibrous band or by the popliteus muscle. In Type V PAES, compression of both the popliteal artery and the popliteal vein occur. In Type VI PAES, or functional PAES, there is normal anatomy, but popliteal artery muscle hypertrophy may be involved.
In PAES, Doppler ultrasound (US) may show hemodynamic changes resulting from compression, such as arterial stenosis, changes in vascular flow, and increase in systolic peak Type I The popliteal artery has an internal deviation and is medial to the internal tendon of the gastrocnemius muscle, inserted in the internal condyle of the femur Type II The popliteal artery is normal and anterior to the internal tendon of the gastrocnemius muscle that is inserted more lateral than usual, compressing the artery Type III The gastrocnemius muscle has an additional tendon or fibrous band that inserts laterally, compressing the artery Type IV
In embryologic development, the popliteal artery is initially deep to the popliteal muscle, becoming superficial to it posteriorly. In this type, the popliteal artery remains deep to the muscle causing its compression although normal anatomy of the gastrocnemius muscle Type V Types I to IV associated with simultaneously popliteal vein compression Type VI Muscular hypertrophy with normal constitution, resulting in functional compression of the popliteal artery and vein velocity, especially with dynamic maneuvers involving contraction of gastrocnemius muscle [17] . Magnetic resonance imaging (MRI)has been shown to be the best method for evaluation of the anatomy of the popliteal fossa as this imaging method may accurately show the structures surrounding the popliteal artery in this region [18] . Angiography detects compression and occlusion of the popliteal artery and may show an abnormal route of the artery, with other characteristic imaging findings for PAES [16, 19] . If no changes are seen on vascular imaging in patients with a high degree of diagnostic suspicion for PAES, the patient may be asked to perform plantar dorsiflexion until becoming symptomatic, and with repeated angiography [18] . The use of MRI with arteriography has been reported to provide the most accurate diagnostic approach for PAES [19] .
For patients with PAES and muscle insertion abnormalities, surgery is indicated even when the patient is asymptomatic [20, 21] . Ideally, if the disease is diagnosed early and the artery remains uninjured, simple surgical exploration with fasciotomy, myotomy, or fibrous band sectioning and arterial release may be sufficient [22] . Muscle reconstruction is usually not necessary [23] . In cases with non-occlusive vascular injury, thromboendarterectomy with venous patch arterioplasty is a therapeutic option, although the results for this treatment approach have been reported to be inferior when compared with arterial bypass using a venous graft [9] .
There is still no consensus on the best surgical access to the popliteal artery in PAES [24] . In cases with small popliteal artery occlusions, a posterior fossa access approach using an S-shaped or bayonet-shaped incision with the patient in the ventral decubitus position is recommended as it allows better visualization of the structures of the popliteal fossa; in cases with larger arterial occlusion requiring femoropopliteal bypass, medial access is most commonly used, although complete arterial exposure is more difficult [16, 22, 23] .
Although endovascular fibrinolytic treatment for patients with acute PAES (symptoms < two weeks) and angiographic evidence of acute arterial occlusion, for the patient described in this report, more than 20 days had passed since the onset of symptoms. It is also important to note that angioplasty alone is not effective in PAES since it does not correct the external causes of arterial compression [23, 25] .
In cases of functional PAES (Type VI), the pathogenesis and progression remain uncertain, with more gradual and delayed vascular symptoms and lesions [20] . Surgical outcome for patients with Type VI or functional PAES are worse when compared with congenital PAES [11] , so surgery should be reserved for confirmed symptomatic cases with structural cause [20, 26] . A further reported therapeutic option for PAES is US-guided intramuscular injection of botulinum toxin, which results in paralysis of the compressing gastrocnemius muscle, but there have been no controlled clinical studies to support the efficacy of the use of botulinum toxin for patients with PAES [7] .
Following treatment, patients with PAES should undergo longterm outpatient follow-up, with treatment re-interventions if necessary [27] . The prognosis of PAES is usually favorable after surgical treatment, especially if the diagnosis is made early. Review of the literature has shown that, although only a few cases of PAES have been reported, following surgery, more than 90% of patients have a significant improvement in their symptoms and return to normal physical activity within three months [28] .
Conclusions
Popliteal artery entrapment syndrome (PAES) is rare and under-diagnosed, mainly because clinicians may be unaware of the condition. However, delay in diagnosis and management may lead to irreversible effects of lower limb ischemia. In the case of PAES described in this report, a previously asymptomatic 47-year-old woman presented sudden onset of pain in the lower left limb, compatible with acute arterial obstruction. The diagnosis of PAES was suspected before surgery and confirmed with imaging studies and intraoperative findings. Due to the degree of arterial occlusion, duration of symptoms, and effects of lower limb ischemia, a popliteal-popliteal bypass was performed using a vein graft and via a posterior surgical approach to the popliteal fossa. Following surgery, there was significant improvement in the patient's condition, but she continues to be followed-up in the ambulatory clinic.
